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(57) In quart? glass parts and ceramic parts that are 
used in film-deposition devices and pre-cleaning devic- 
es in the production of semiconductors, etc., there are 
problems such as peeling off of the parts themselves 
during the use. peeling off of film-like substances ad- 
hered to the part surfaces, contamination of the prod- 
ucts and short life time of the parts caused by corrosion 
of the part surfaces by plasma, and reduction in the pro- 
ductivity by frequent exchange of the parts. In quartz 
glass parts and ceramic parts that are used in film-dep- 
osition devices and pre-cleaning devices in the produc- 
tion of semiconductors, etc. ? with respect to parts, the 
surface of which is constituted of a ceramic thermal 
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sprayed coating, ones having the ceramic thermal 
sprayed coating having a surface roughness Ra of from 
5 to 20 p.m are high in adherence of a film-like adher- 
ence, ones having the ceramic thermal sprayed coating 
having a surface roughness Ra of from 1 to 5 ujti are 
high in plasma resistance, and ones in which grooves 
having a large anchor effect to the thermal sprayed coat- 
ing is formed on a substrate on which the ceramic ther- 
mal sprayed coating is formed are free from peeling off 
of the ceramic thermal sprayed coating from the sub- 
strate and are high in durability. 



Quartz glass parts, ceramic parts and process of producing those 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to quartz glass 
parts and ceramic parts that are used in film-deposition 
devices and pre-cleaning devices in the production of 
semiconductors, etc. The quartz glass parts and ceram- 
ic parts according to the present invention prevent dust 
generation caused by peeling of film-like substances ad- 
hered to parts within a device during the film deposition 
and pre-cleaning operations and markedly improve the 
durability of parts against plasma generated within the 
device. 

DESCRIPTION OF THE RELATED ART 

[0002] In the film deposition and pre-cleaning of prod- 
uct substrates of semiconductors, etc., film-like sub- 
stances are adhered to parts used within a film-deposi- 
tion device and a pre-cleaning device. It is known that 
when these parts are continuously used in the film dep- 
osition and pre-cleaning, the adhered film-like substanc- 
es become thick and peel off to cause dust generation 
within the devices, thereby contaminating the interiors 
of the devices and the product substrates. Further, in 
the film-deposition device and pre-cleaning device, 
plasma is generated within the devices. Thus, there was 
also a problem that the plasma corrodes the surfaces of 
the parts and deteriorates the parts, thereby causing 
dust generation. These phenomena caused a reduction 
of quality of the product substrates and a reduction of 
the yield, resulting in a serious problem. 
[0003] Hitherto, as a method of reducing the dust gen- 
eration caused by peeling of film-like substances, there 
is known a method in which the surface of a part is sub- 
jected to blast processing to render the surface in a sat- 
in-like state, so that adherence of a film-like adherend 
increases. Forexample, U.S. Patent 5,460,689 disclos- 
es that in order to enhance the adherence of particles 
that come flying into an inner surface of a quartz bell- 
jar, blast processing is carried out. Further, U.S. Patent 
6,31 9,842 discloses that in order to enhance the adher- 
ence of a film-like adherend accumulated in a ceramic 
cylinder, the surface of the ceramic cylinder is subjected 
to blast processing. However, there was a problem that 
a blast-processed rough surface of the quartz glass in- 
cludes areas with a low strength or contains broken 
pieces that begin to peel off, and therefore, the film-like 
adherend is hard to adhere thereto or is liable to peel 
off. On the other hand, there is also disclosed a method 
in which after blast processing of quartz glass, the proc- 
essed quartz glass is subjected to etching treatment 
with a hydrofluoric acid solution (see J P-A-8- 104541). 
However, this method involved a problem such that 
since the surface obtained after etching treatment of the 
blast-processed surface of the quartz glass with the hy- 
drofluoric acid solution includes areas to which a film- 



Nt^Q adherend readily adheres and those to which th^ 
film-like adherend hardly adheres, in the case where the 
film-like adherend is adhered directly on the surface, the 
adherence is not sufficient. 

5 [0004] In order to enhance the adherence of a film- 
like adherend to a part, there is proposed a method in 
which a plasma sprayed coating made of a metal or a 
metallic carbide such as molybdenum, tungsten, alumi- 
num, and tungsten carbide is formed, thereby prevent- 

10 ing peeling of the adhered film-like adherend (see JP-A- 
60-120515 and JP-A-4-268065). However, since the 
sprayed coating as proposed herein is a sprayed coat- 
ing made of a metal or a metallic carbide, the adherence 
of the film-like adherend was not sufficient. 

15 [0005] In film-deposition devices and plasma cleaning 
devices, problems such as corrosion and degradation 
of the surface of a part by plasma and dust generation 
caused thereby have hitherto been pointed out. Quartz 
glass parts used in these devices are eroded by plasma, 

20 and generated quartz mists adhere to the product sub- 
strates, to reduce the yield. Also, there is pointed out a 
problem that with the degradation of the quartz glass 
part, the number of exchange of the part increases so 
that the operating time of the device decreases (see 

25 JP-A-63-1 3333). In order to solve these problems, it is 
disclosed to form a dense thermal sprayed coating 
made of an alumina-based ceramic having higher dura- 
bility against plasma than quartz on the surface of a 
quartz glass part by detonation thermal spraying (see 

30 JP-A-8-339895). Moreover, JP-A-2001 -226773 disclos- 
es a method in which a thermal sprayed coating made 
of a ceramic comprising a compound belonging to the 
Group 3a, or a compound belonging to the Group 3a 
with alumina, especially yttria with alumina, having high- 

35 er corrosion resistance against plasma than alumina, is 
formed on the surface of a bell-jar made of quartz or 
alumina. However, according to these methods, while 
the effect on the plasma resistance could be obtained 
to some extent, improvements in the adherence of the 

40 film-like adherend were not suggested at all. 

[0006] In the prior art literatures regarding metallic 
thermal sprayed coatings, it is suggested that a thermal 
sprayed coating can be utilized for improving the adher- 
ence of a film-like adherend. However, no literatures 

45 * have suggested concrete shapes for enhancing the ad- 
herence of the adherend to the thermal sprayed coating, 
or concrete methods of realizing the surface shape of 
the thermal sprayed coating. Further, it is known thatce- 
ramic thermal sprayed coatings are superior in plasma 

so resistance. However, there is not found any literature to 
disclose a method of concretely realizing the ceramic 
thermal sprayed coatings that are satisfactory with the 
adherence of the film-like adherend. 
[0007] For example, Processing of the 15th Interna- 

55 tional Thermal Spray Conference, 25-29 May 1 998 sug- 
gests a method of concretely controlling the surface 
shape of ceramic thermal sprayed coatings. This reports 
that in plasma spraying with a pure argon atmosphere, 
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when a distance between a spray gun and a substrate 
is made long, the surface shape of the ceramic thermal 
sprayed coating can be roughed. However, the surface 
shape of the thermal sprayed coating obtained in the 
method of this report is too uneven, so that sufficient 5 
effects of the strength of the surface of the thermal 
sprayed coating itself and the adherence of the film-like 
adherend could not be expected. 
[0008] The conventional quartz glass parts and ce- 
ramic parts to be used in film-deposition devices and to 
pre-cleaning devices in the production of semiconduc- 
tors, etc. were not sufficiently satisfied with adherence 
of a film-like adherend or plasma resistance, so that film 
deposition or pre-cleaning could not be continuously 
carried out over a long period of time. The present in- *5 
vention is to provide superior quartz glass parts and ce- 
ramic parts to be used in film-deposition devices and 
pre-cleaning devices in the production of semiconduc- 
tors, etc., which have high adherence to an accumulated 
film-like adherend, or high plasma resistance, and can 20 
be continuously used over a long period of time. 

SUMMARY OF THE INVENTION 

[0009] Under such circumstances, the present inven- 25 
tors made extensive and intensive investigations. As a 
result, it has been found that in quartz glass parts having 
a ceramic thermal sprayed coating formed on a quartz 
glass surface, a quartz glass part formed with a ceramic 
thermal sprayed coating having a surface roughness Ra so 
particularly ranging from 5 to 20 pm and a relative den- 
sity of from 70 to 97% is superior in adherence of a film- 
like adherend. Further, it has been found that in quartz 
glass parts having a ceramic thermal sprayed coating 
formed on a quartz glass, the surface of which is pro- 35 
vided with grooves having a.width of from 5 to 50 [im by 
blast processing and etching treatment with an acid con- 
taining hydrofluoric acid, the ceramic thermal sprayed 
coating is especially superior in adhesion to the quartz 
glass and superior in plasma resistance (Ra is from 1 to *o 
5 |xm) or adherence of a film-like adherend (Ra is from 
5 to 20 urn). Moreover, it has been found that in ceramic 
parts having a ceramic thermal sprayed coating on a ce- 
ramic substrate, a ceramic part formed with a ceramic 
thermal sprayed coating having a surface roughness Ra 45 
of from 5 to 20 nm is high in adherence of a film-like 
adherend. The present invention has been accom- 
plished based on these findings. 
[0010] Specifically, the present invention includes the 
following aspects. so 

1 ) A quartz glass part comprising a quartz glass and 
a ceramic thermal sprayed coating formed on the 
surface of the quartz glass, the ceramic thermal 
sprayed coating having a surface roughness Ra of 55 
from 5 to 20 urn and a relative density of from 70 to 
97%. 

2) A quartz glass part comprising a quartz glass and 



a ceramic thermal sprayed coating formed on the 
surface of the quartz glass, the quartz glass having 
a surface roughness Ra of from 5 to 15 nm and an 
average length of micro-cracks of from 1 to 1 00 pm, 
with an average angle of the micro-cracks to the 
quartz glass surface being from 10 to 70°, and the 
ceramic thermal sprayed coating having a surface 
roughness Ra of from 5 to 20 \lix\ and a relative den- 
sity of from 70 to 97%. 

3) A quartz glass part comprising a quartz glass and 
a ceramic thermal sprayed coating formed on the 
surface of the quartz glass, the quartz glass having 
from 10 to 200 per millimeter of grooves having a 
width of from 5 to 50 u.m, and the ceramic thermal 
sprayed coating having a surface roughness Ra of 
from 1 to 20 ^im. 

4) A quartz glass part comprising a quartz glass and 
a ceramic thermal sprayed coating formed on the 
surface of the quartz glass, the quartz glass having 
from 10 to 200 per millimeter of grooves having a 
width of from 5 to 50 and a length of from 1 0 to 
200 jxm, and the ceramic thermal sprayed coating 
having a surface roughness Ra of from 1 to 20 p.m. 

5) A ceramic part comprising a ceramic substrate 
having a ceramic thermal sprayed coating t formed 
thereon, the ceramic thermal sprayed coating hav- 
ing a surface roughness Ra of from 5 to 20 jim. 

6) A process of producing the quartz glass^part as 
set forth in 1 ) to 4) above, which comprises^orming 
a ceramic thermal sprayed coating on a quartz 
glass by plasma spraying using a raw material pow- 
der having a mean particle size of from 30 to 60 jim. 

7) A process of producing the quartz glass part as 
set forth in 2) to 4) above, which comprises subject- 
ing the surface of a quartz glass to blast processing, 
etching the quartz glass surface with an acid con- 
taining at least hydrofluoric acid, and then forming 
a ceramic thermal sprayed coating on the etched 
quartz glass surface. 

B) A process of producing the ceramic part as set 
forth in 5) above, which comprises subjecting the 
surface of a ceramic substrate to blast processing 
and then forming a ceramic thermal sprayed coat- 
ing on the blasted ceramic substrate surface by 
plasma spraying using a raw material powder hav- 
ing a mean particle size of from 30 to 60 u,rn. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is an SEM image of a quartz glass surface 
after blast processing and etching treatment with 
hydrofluoric acid, as observed obliquely. 
Fig. 2 is an SEM image of a cross-section of a quartz 
glass surface having been subjected to blast 
processing and etching treatment with hydrofluoric 
acid, on which is formed a ceramic thermal sprayed 
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Fig. 3 is an SEM image of a cross-section of a quartz 
glass surface having been subjected to blast 
processing only but not to etching treatment with hy- 
drofluoric acid, on which is formed a ceramic ther- 
mal sprayed coating. 

Fig. 4 is a schematic view of a cross-section of a 
quartz bell-jar having been subjected to blast 
processing, on which is further formed a ceramic 
thermal sprayed coating. 

Fig 5 is a schematic view of a cross-section of a 
qurtt/ bell-jar having been subjected to blast 
processing and ctcning treatment with hydrofluoric 
acic on which is further formed a ceramic thermal 
sprayed conl ng 

[0012] ,n lno dfrtwings 

21 quart/ gUss 

22 quart/ glass surface having been subjected to 
blast processing and etching treatment with hy- 
drofluoric acid 

23: ceramic thermal sprayed coating 
24: groove on quartz glass surface in which ceramic 
thermal sprayed coating bites in anchor form 
31 : quartz glass 

32: quartz glass surface having been subjected to 
blast processing 

33' ceramic thermal sprayed coating 

34: deep micro-cracks that decrease strength of 

quartz glass 

35: peeled-apart fragment 
41 : quartz bell-jar 

42: ceramic thermal sprayed coating 
51 : quartz bell-jar 

52: surface layer of quartz glass on which grooves 
were formed 

53: ceramic thermal sprayed coating 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] The present invention will be described in de- 
tail below. 

[0014] The quartz glass part according to the present 
invention is a quartz glass part comprising a quartz glass 
and a ceramic thermal sprayed coating formed on the 
surface of the quartz glass, the ceramic thermal sprayed 
coating having a surface roughness Ra of from 5 to 20 
u,m and a relative density of from 70 to 97%. 
[001 5] The surface of quartz glass as referred to here- 
in means the surface of a quartz glass, to which a film- 
like adherend adheres, or with which plasma comes into 
contact, in the case where at least a quartz glass part is 
used in a film-deposition device or a pre-cleaning de- 
vice. However, this does not exclude the case where a 
ceramic thermal sprayed coating is formed on the sur- 
face of a quartz glass, to which no film-like adherend 
adheres, or with which no plasma comes into contact. 



[001 6] The quartz glass part according to the present 
invention must be formed with a ceramic thermal 
sprayed coating having a surface roughness Ra of from 
5 to 20 nm. When the surface roughness Ra is less than 
5 5 u.m, a stress of the film-like adherend adhered to the 
surface is not sufficiently dispersed, so that the adher- 
ence is not satisfactory. On the other hand, when it ex- 
ceeds 20 pm, particles that come flying cannot suffi- 
ciently incorporate into the interior of the coating, so that 
10 the adherence is not satisfactory. The surface rough- 
ness Ra as referred to herein can be measured by a 
tracer type surface roughness tester. 
[0017] The ceramic thermal sprayed coating must 
have a relative density of from 70 to 97%. As the relative 
is density of the ceramic thermal sprayed coating be- 
comes low, the number of pores present in the surface 
increases, thereby increasing a surface area, so that the 
adherence of the film-like adherend is enhanced. Fur- 
ther, when the relative density is low, an internal stress 
20 of the ceramic thermal sprayed coating is low, leading 
to an effect that the ceramic thermal sprayed coating 
itself hardly peels off from the quartz glass. However, 
when the relative density is too low, the strength of the 
ceramic thermal sprayed coating itself and the adher- 
es ence between the ceramic thermal sprayed coating and 
the quartz glass are lowered. On the other hand, when 
the relative density is too high, and the ceramic thermal 
sprayed coating is too dense, an internal stress of the 
ceramic thermal sprayed coating is high, so that the ce- 
30 ramie thermal sprayed coating is liable to peel off from • 
the quartz glass. For these reasons, the relative density 
of the ceramic thermal sprayed coating must be in the 
range of from 70 to 97%, and preferably in the range of 
from 85 to 95%. The relative density of the ceramic ther- 
35 mal sprayed coating can be measured by image analy- 
sis of an SEM cross-section, or by the Archimedes' 
method using the formed ceramic thermal sprayed coat- 
ing peeled off from the glass quartz. 
[001 8] It is preferred that the ceramic thermal sprayed 
40 coating is made of alumina, partially stabilized zirconia, 
or a magnesia-alumina spinel. These ceramics are par- 
ticularly superior in plasma resistance and adherence 
of a film-like adherend among ceramics. The crystal 
form of alumina includes a-, p- and y-forms. Any of these 
45 forms can be used in the parts according to the present 
invention. As partially stabilized zirconia are preferably 
used those having, added thereto, yttria or ceria in an 
amount ranging from 1 to 10% by weight. The magne- 
sia-alumina spinel preferably used is a spinel having a 
so molar ratio of magnesia to alumina of 1/1 . 

[0019] In the case where partially stabilized zirconia 
is used as the material of the ceramic thermal sprayed 
coating, after adhesion of a film-like adherend, the re- 
moval of the film-like adherend can be carried out by 
55 other methods than the etching with an acid. For exam- 
ple, it is possible to remove of the thermal sprayed coat- 
ing made of partially stabilized zirconia together with the 
film-like adherend by keeping it in an environment at 1 00 
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to 300° C and at a humidity of 50% or higher. 
[0020] Preferably, the ceramic thermal sprayed coat- 
ing has a high purity of 99% by weight or more, and par- 
ticularly 99.9% by weight or more. In the case where 
quartz glass parts are used for film formation and pre- 5 
cleaning of semiconductors, etc., Na is an element that 
is especially undesired. The surface of the ceramic ther- 
mal sprayed coating of the quartz glass part according 
to the present invention is exposed directly to plasma, 
and impurities may possibly come out from the thermal 
sprayed coating. Accordingly, it is particularly preferred 
that the Na content is 0.05% or less. The purity of the 
thermal sprayed coating can be evaluated by chemical 
analysis after peeling off the thermal sprayed coating 
and dissolving it t or by X-ray fluorescent analysis of the 
surface of the thermal sprayed coating. 
[0021 ] Preferably, the ceramic thermal sprayed coat- 
ing has a film thickness of from 0.05 to 0.5 mm. When 
the film thickness is less than 0.05 mm, the coating is 
non-uniform, so that its effects cannot be sufficiently ex- 
hibited, whereas when it exceeds 0.5 mm, the ceramic 
thermal sprayed coating is liable to peel off from the 
quartz glass because of the internal stress of the thermal 
sprayed coating. The film thickness of the ceramic ther- 
mal sprayed coating can be measured by forming a ther- 
mal sprayed coating on a quartz glass part having a 
known thickness and then measuring the entire thick- 
ness, or by microscopically observing a cross-section 
after thermal spraying. 

[0022] In the quartz glass parts according to the 
present invention, it is preferred that the ceramic thermal 
sprayed coating is formed on the surface of a quartz 
glass having a surface roughness Ra of from 5 to 1 5 \iir\ 
and an average length of micro-cracks of from 1 to 100 
p,m, with an average angle of the micro-cracks to the 
quartz glass surface being from 10 to 70°. The ceramic 
thermal sprayed coating formed on the quartz glass hav- 
ing such a surface shape can especially keep the 
strength of the quartz glass high while keeping high ad- 
herence. 

[0023] The strength of the quartz glass is liable to de- 
crease, as the number of micro-cracks having a vertical 
depth exceeding 100 ^tm present in the surface of the 
quartz glass substrate increases. It is better that the 
number of micro-cracks is low. Preferably, the number 
of micro-cracks having a length of 20 urn or more does 
not exceed 50 per square cm. 

[0024] The average angle of the micro-cracks to the 
quartz glass surface is from 10 to 70°, and preferably 
from 40 to 70° . When the average angle is less than 1 0° , 
the quartz glass is liable to peel off as a fragment from 
the surface of the quartz glass, whereas when it ex- 
ceeds 76°, the strength of the quartz glass main body 
is lowered. 

[0025] The surface roughness of the quartz glass sub- 
strate can be evaluated by a tracer type surface rough- 
ness tester, and the state of the micro-cracks can be 
confirmed by observation by an optical microscope. The 



average angle of the micro-cracks may be obtained in 
terms of an average value of about 50 micro-cracks. 
[0026] Next, the quartz glass part according to the 
present invention is a quartz glass part comprising a ce- 
ramic thermal sprayed coating formed on the surface of 
a quartz glass having from 10 to 200 per millimeter of 
grooves having a width of from 5 to 50 pm. 
[0027] In the quartz glass part, when grooves having 
a width of from 5 to 50 |im are provided in the quartz 
glass, the adherence between the quartz glass and the 
ceramic thermal sprayed coating is markedly improved. 
When the width of the grooves is less than 5 urn, the 
ceramic thermal sprayed coating cannot sufficiently in- 
corporate into the grooves, so that an anchor effect to 
the ceramic thermal sprayed coating is not sufficient. On 
the other hand, when it exceeds 50 fim, the intrusion 
into the ceramic thermal sprayed coating is not suffi- 
cient. 

[0028] It would be preferred that the length of the 
grooves is short because the quartz glass is prevented 
from cracking by the contact area with the ceramic ther- 
mal sprayed coating orthe internal stress of the ceramic 
thermal sprayed coating. However, in order to obtain a 
proper surface roughness, a certain amount of the 
length is needed. For this reason, in the presentinven- 
tion, the groove length is preferably from 10 to 200 pm. 
[0029] A number of the grooves is in the range^of from 
10 to 200 per millimeter. When the number of the 
grooves is less than 10 per millimeter, the anchor effect 
is not sufficient, whereas when it exceeds 200 per mil- 
limeter, the grooves overlap each other, so that the ef- 
fect is reduced. The grooves can be formed by combin- 
ing blast processing with etching with an acid containing 
hydrofluoric acid, as described later. Fig. 1 shows an 
SEM image of a quartz glass surface having a number 
of grooves formed thereon, as observed obliquely. The 
grooves are in a slender ellipse shape and are respec- 
tively concave. 

[0030] The surface roughness Ra of the ceramic ther- 
mal sprayed coating to be formed on the quartz glass 
having grooves of the present invention is in the range 
of from 1 to 20 jim. Since the quartz glass has the char- 
acteristic grooves, even when the surface roughness Ra 
is in the range of from 1 to 5 \xm, the ceramic thermal 
sprayed coating does not peel off from the quartz glass. 
When the surface roughness Ra is in the range of from 
5 to 20 urn, the adherence of the film-like adherend is 
superior. On the other hand, when the surface-rough- 
ness Ra is in the range of from 1 to 5 pm, while the ad- 
herence of the film-like adherend is inferior to that in the 
case where it is in the range of from 5 to 20 nm, the 
plasma resistance is superior as compared with that of 
the conventional parts. 

[0031 ] In this case, it is also preferred that the ceramic 
thermal sprayed coating is made of alumina, partially 
stabilized zirconia, or a magnesia-alumina spinel. 
[0032] Preferably, the ceramic thermal sprayed coat- 
ing has a purity of 99% by weight ore more, and partic- 
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uiarly 99.9% by weight or more and has an Na content 
of 0.05% or less. Further, the ceramic thermal sprayed 
coating preferably has a film thickness of from 0.05 to 
0.5 mm. 

[0033] In addition, the present invention proposes ce- 
ramic parts along with the quartz glass parts. The ce- 
ramic part according to the present invention is a ceram- 
ic part comprising a ceramic substrate and a ceramic 
thermal sprayed coating formed on the surface of the 
ceramic substrate, the ceramic thermal sprayed coating 
having a surface roughness Ra of from 5 to 20 pm. In 
the case of the ceramic part, when the surface rough- 
ness Ra of the ceramic thermal sprayed coating ranges 
from 5 to 20 pm, high adherence of a film-like adherend 
is achieved similarly. 

[0034] The surface of the ceramic substrate as re- 
ferred to herein means the surface of a ceramic sub- 
strate, to which a film-like adherend adheres, or with 
which plasma comes into contact, in the case where at 
least a ceramic part is used in a film-deposition device 
or a pre-cleaning device. However, this does not ex- 
clude the case where a ceramic thermal sprayed coating 
is formed on N the surface of a ceramic substrate, to which 
no film-like adherend adheres, or with which no plasma 
comes into contact. 

[0035] Preferably, the ceramic thermal sprayed coat- 
ing has a purity of 99% by weight ore more, and partic- 
ularly 99.9% by weight or more and has an Na content 
of 0.05% or less. Further, the ceramic thermal sprayed 
coating preferably has a film thickness of from 0.05 to 
0.5 mm. 

[0036] The ceramic substrates that can be used are 
sintered materials of alumina, zirconia, mullite, yttrium- 
aluminum garnet, silicon nitride, and aluminum nitride. 
[0037] Similar to the case of the quartz glass part, in 
the case of the ceramic part, it is particularly preferred 
that the ceramic thermal sprayed coating is made of alu- 
mina, partially stabilized alumina, or a magnesia-alumi- 
na spinel. In the case of alumina, ct-alumina is particu- 
larly preferred. In the case of ct-alumina, it particularly 
has high acid resistance, so that during removal of the 
film-like adherend by etching with an acid, the ceramic 
thermal sprayed coating itself is hardly dissolved and 
hence, it can be used repeatedly. 
[0038] Next, the production of the quartz glass parts 
and the ceramic parts according to the present invention 
will be described. 

[0039] With respect to the quartz glass parts accord- 
ing to the present invention, a ceramic thermal sprayed 
coating is formed on a quartz glass by using a raw ma- 
terial powder having a mean particle size of from 30 to 
60 \im by plasma spraying. 

[0040] By plasma spraying of a raw material having a 
mean particle size in the range of from 30 to 60 pm, the 
ceramic thermal sprayed coating falling within the scope 
of the present invention can be formed. When the mean 
particle size of the raw material is less than 30 p.m, the 
surface roughness Ra of the obtained ceramic thermal 



sprayed coating becomes small. On the other hand, 
when it exceeds 60 jum, the surface roughness Ra be- 
comes too large, so that the adherence of the film-like 
adherend and the adherence of the ceramic thermal 

5 sprayed coating itself to the quartz glass are low. The 
mean particle size of the raw material powder can be 
measured by, for example, a centrifugal sedimentation 
type particle size distribution measurement device. 
[0041] Prior to thermal spraying of the ceramic, the 

10 surface of the quartz glass may be made rough by blast 
processing. Further, after the blast processing of the 
quartz glass, fragments of the broken quartz remain on 
the surface of the quartz glass. Accordingly, it is pre- 
ferred to rinse the surface of the quartz glass with pure 

15 water, an acid, or the like before the thermal spraying of 
the ceramic. 

[0042] When the surface of the quartz glass is sub- 
jected to grit blasting, micro-cracks are generated in the 
vicinity of the surface, so that the strength of the quartz 

20 glass is lowered. Thus, when the substrate surface is 
subjected to blast processing using spherical grit made 
of partially stabilized zirconia or the like and having so 
sufficient toughness that it does not shatter upon colli- 
sion with the quartz glass substrate, it is possible to ob- 

25 tain a state in which the surface roughness Ra of the 
quartz glass substrate as a ground of the ceramic ther- 
mal sprayed coating is from 5 to 15 jim, and the micro- 
cracks of the substrate surface have an average length 
of 1 00 p.m or less and an average angle to the substrate 

30 surface of 70° or less. As to the grit to be used, when 
one that is originally spherical but breaks into a non- 
spherical form during the use is used, the effects found 
in the present invention are hardly obtained. For exam- 
ple, though silica grit is spherical before the use, it be- 

35 comes non-spherical during the blasting because its 
toughness is low. Accordingly, the silica grit is not pre- 
ferred for the use in the present invention. 
[0043] Preferably, the plasma thermal spraying of the 
present invention is carried out at a distance between a 

40 plasma gun and the quartz glass substrate in the range 
of from 140 to 180 mm by using a plasma gas having 
hydrogen added thereto. When the distance between 
the plasma gun and the quartz glass substrate is shorter 
than 1 40 mm, the obtained thermal sprayed coating be- 

45 comes minute and has a relative density exceeding 
97%, so that the thermal sprayed coating is liable to peel 
off from the quartz glass by the internal stress of the ther- 
mal sprayed coating. Further, the surface roughness Ra 
of the thermal sprayed coating becomes low, so that the 

50 adherence of the film-like adherend is lowered. On the 
other hand, when it is longer than 1 80 mm, the adhesion 
of the thermal sprayed coating to the quartz glass is low, 
and the surface roughness Ra of the thermal sprayed 
coating exceeds 20 \im t the adherence of the film-like 

55 adherend is lowered. When the distance is further long, 
the thermal sprayed particles do not attach to the quartz 
glass. 

. [0044] The plasma spraying is usually carried out in 
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an argon gas. By adding hydrogen to argon, ii becomes 
possible to increase the temperature of a plasma flame. 
Especially, it is possible to inhibit a reduction of the plas- 
ma temperature in an end terminal. An amount of hy- 
drogen to be added is preferably in the range of from 1 0 
to 50%, and particularly in the range of from 20 to 40%. 
When the distance between the spray gun and the sub- 
strate is long, droplet particles of a spraying liquid in the 
plasma are cooled at the time when they have reached 
the substrate, the surface of the thermal sprayed coating 
becomes rough, and the density is lowered. This matter 
is described in the above-cited reference, Processing of 
the 15th International Thermal Spray Conference, 25-29 
May 1998. For this reason, by only making the distance 
between the spray gun and the substrate long, the sur- 
face of the thermal sprayed coating becomes too rough, 
so that the surface shape of the ceramic thermal 
sprayed coating falling within the scope of the present 
invention cannot be obtained. In the process according 
to the present invention, during making the distance be- 
tween the spray gun and the substrate long, by adding 
hydrogen in the plasma gas, a suitable melting state is 
achieved in a tip of the plasma flame of droplet particles 
of the spraying liquid. Thus, it has been found that the 
surface shape of the ceramic thermal sprayed coating 
falling within the scope of the present invention can be 
realized. 

[0045] in order to form the ceramic thermal sprayed 
coating of the quartz glass part of the present invention, 
it is especially preferred to use a high-purity raw mate- 
rial. Particularly, it is preferred to use a high-purity prod- 
uct having a purity of 99% by weight or more, and par- 
ticularly 99.9 % by weight or more. The thermal spraying 
powder can be prepared by electromelting pulverization 
or granulation. In achieving the surface shape of the 
present invention, it is particularly preferred to use a 
spherical powder prepared by sintering granulated 
grains to render them dense so as to have a relative 
density of 80% or more. 

[0046] In order to increase the purity of the quartz 
glass part of the present invention, particularly to de- 
crease the Na content of the surface, after forming the 
ceramic thermal sprayed coating, it may be rinsed with 
an acid. Examples of the liquid of the acid used for rins- 
ing are aqueous solutions of nitric acid and hydrofluoric 
acid. It is possible to reduce the Na content of the sur- 
face by dipping the quartz glass part for from several 
tens minutes to several hours. 

[0047] Next, the quartz glass part comprising a ce- 
ramic thermal sprayed coating formed on the surface of 
a quartz glass having from 10 to 200 per millimeter of 
grooves having a width of from 5 to 50 jim according to 
the present invention can be produced by subjecting the 
surface of a quartz glass to blast processing, etching it 
with an acid containing at least hydrofluoric acid to form 
grooves, and then forming a ceramic thermal sprayed 
coating thereon. 

[0048] In the production of the quartz glass part, prior 



lo the thermal spraying of the ceramic, the surface is 
subjected to blast processing using grit made of, for ex- 
ample, alumina, to render it rough so as to have a sur- 
face roughness Ra of from 2 to 20 urn, and preferably 

5 from 5 to 15 uxn. When the blast processing is carried 
out, a layer containing micro-cracks and having a low 
strength is formed on the quartz glass surface. However, 
in the case of the present invention, there is no problem 
because after the blast processing, the quartz glass sur- 

10 face is etched with an acid containing hydrofluoric acid. 
[0049] In the blast processing of the quartz glass, it is 
particularly preferred to use spherical grit like the case 
as previously shown. When the quartz glass is subject- 
ed to blast processing using grit, micro-cracks are usu- 

15 ally generated in the vicinity of the surface, leading to a. 
reduction of the strength of the quartz glass. However, 
in the present invention, it has been found that when the 
quartz glass surface is subjected to blast processing us- 
ing spherical grit, it is possible to form micro-cracks of 

20 1 00 jim or less on the quartz glass surface without form- 
ing cracks exceeding 100 um intruded into the quartz 
glass. 

[0050] Also, especially in the case where spherical 
grit is used, it is possible to form a rough surface having 

25 grooves having a relatively short length of from 10 to 
200 um and having a surface roughness Ra of* from 5 
to 15 urn. In the case where spherical grit is used, ones 
formed with grooves having a length shorter than the 
diameter of the grit are readily obtained. For this?reason, 

30 it is preferred to use spherical grit having a diameter of 
200 urn or less. 

[0051] As to the material quality of the grit, it is possi- 
ble to use alumina, silicon carbide, and zirconia. In the 
case where spherical grit is used, it is preferred to use 

35 grit having so sufficient toughness that it does not shat- 
ter upon collision with the quartz glass substrate. Re- 
garding the material quality to meet these requirements, 
partially stabilized zirconia is particularly preferred. 
[0052] Next, the blast-processed quartz glass is sub- 

40 jected to etching treatment with an acid containing at 
least hydrofluoric acid. According to the etching treat- 
ment, not only areas whose strength has been lowered 
are dissolved and removed, but also grooves having a 
width of from 5 to 50 um, by which the present invention 

45 is characterized, are formed. These grooves are formed 
such that their widths are widened while the, micro- 
cracks of 1 00 |im or less, as previously formed by the 
blast processing, function as nuclei. 
[0053] It is preferred that a concentration of hydrofluo- 

50 ric acid as the acid to be used for the etching is in the 
range of from 5 to 50% by weight. An etching treatment 
time varies depending on the concentration of hy- 
drofluoric acid and the temperature, but is usually in the 
range of from 0.5 to 24 hours. To hydrofluoric acid may 

55 be added an acid such as nitric acid. The grooves to be 
formed can be confirmed by microscopic observation. 
When the groove width has reached from about 1 0 to 
20 um, the etching rate becomes slow, so that it is easy 
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to'contro! the size of the grooves. It is possible to adjust 
the number of the grooves at from about 10 to 200 per 
millimeter by regulating the acid concentration and the 
time. 

[0054] Here. Fig. 2 shows a cross-section of a quartz 
glass part prepared by subjecting the surface of a quartz 
glass to blast processing under a pressure of 0.5 MPa 
using grit WA #220 and etching treatment with 24% by 
weight hydrofluoric acid for one hour and then forming 
an alumina thermal sprayed coating thereon. In the 
quartz glass part shown in Fig. 2, the ceramic thermal 
sprayed coating is firmly anchored in grooves having a 
width of from 10 to 30u,m. For comparison, Fig. 3 shows 
a cross-section of a quartz glass part prepared by sub- 
jecting a quartz glass to blast processing (grit WA #60, 
pressure: 0.5 MPa) and then directly forming an alumina 
thermal sprayed coating thereon without subjecting to 
etching treatment with hydrofluoric acid. In the quartz 
glass part shown in Fig. 3, not only a number of micro- 
cracks that likely lower the strength of the quartz glass 
are observed, but also broken and peeled-apart frag- 
ments remain. In addition, it can be understood that the 
ceramic thermal sprayed coating does not incorporate 
into the micro-cracks, and therefore, the anchor effect 
of the thermal sprayed coating is not sufficient, and the 
adherence is low. 

[0055] Particularly preferable method of forming ce- 
ramic thermal sprayed coatings is plasma spraying. 
However, in the case of the quartz glass part using a 
groove-formed quartz glass according to the present in- 
vention, it is also possible to form ceramic thermal 
sprayed coatings by high-velocity thermal spraying, det- 
onation thermal spraying, or rokide spraying. In the case 
where the plasma spraying is employed for the forma- 
tion of thermal sprayed coatings, the conditions are the 
same as those shown previously. 
[0056] A preferred embodiment with respect to the pu- 
rity of a raw material to be used for the thermal sprayed 
coating, the.film thickness : the kind of a ceramic to be 
thermal sprayed, and the rinsing with an acid after the 
thermal spraying is the same as in the case of the quartz 
glass part as shown previously. 
[0057] Next, the ceramic part comprising a ceramic 
substrate and a ceramic thermal sprayed coating 
formed on the surface of the ceramic substrate, the ce- 
ramic thermal sprayed coating having a surface rough- 
ness Ra of from 5 to 20 ujn, can be produced by forming 
a ceramic sprayed coating by plasma thermal spraying 
using a raw material powder having a mean particle size 
of from 30 to 60 um. 

[0058] In the case where a ceramic is used as the sub- 
strate, preferred ranges with respect to the blast 
processing prior to the ceramic thermal spraying, the 
rinsing with an acid, the purity of the raw material pow- 
der, the shape of the raw material powder, the film thick- 
ness of the thermal sprayed coating, the distance be- 
tween a spray gun and the substrate in the thermal 
spraying, and the composition of plasma gas are the 



same as in the case of the quartz glass part as shown 
previously. 

[0059] Here, in the case of the ceramic part, it is pre- 
ferred to heat the formed ceramic thermal sprayed coat- 

5 ing at from 1 ,000 to 1 ,600°C. By heating at 1 ,000°C or 
higher, crystal defects of the ceramic thermal sprayed 
coating are reduced, and the acid resistance of the ce- 
ramic thermal sprayed coating is improved. When the 
acid resistance of the ceramic thermal sprayed coating 

10 is improved, after using the ceramic part for the film dep- 
osition and pre-cleaning, during the removal of the film- 
like adherend on the part by etching with an acid, the 
ceramic thermal sprayed coating itself is free from dis- 
solution, and hence, the part can be repeatedly used. 

is Why the heat treatment gives rise to effects are consid- 
ered for the following reasons. That is, in the case where 
the ceramic thermal sprayed coating is made of alumi- 
na, the content of y-alumina in the thermal sprayed coat- 
ing is reduced by the heat treatment at 1 ,000°C or high- 

20 er. Further, in the case other than alumina, the reduction 
of lattice defects of the crystals may be considered the 
main reason. On the other hand, when the heat treat- 
ment temperature exceeds 1 ,600°C, there are problems 
such as breakage of the part, and hence, such is not 

25 preferred. The heat treatment time is in the range of from 
approximately several minutes to 10 hours, and prefer- 
ably from about 30 minutes to 3 hours. It is preferred to 
carry out the heat treatment in an atmosphere or a pure- 
oxygen atmosphere. 

30 [0060] The quartz glass part and the ceramic part, 
each of which is formed with a ceramic thermal sprayed 
coating, can be used for a bell-jar or a shield of film- 
deposition devices or pre-cleaning devices, or as a part 
of a section of insulating parts to which an accumulated 

35 film is adhered. The film deposition as referred to herein 
means a method of forming a f ilm on a substrate by CVD 
(chemical vapor deposition method) or by utilizing va- 
por-phase plasma such as sputtering method, and the 
pre-cleaning means cleaning by etching the surface of 

40 a substrate by plasma. 

[0061] The present invention will be described in more 
detail with reference to the following Examples, but it 
should notbeconstrued that the present invention is lim- 
ited thereto. 

45 

EXAMPLE 1 

[0062] A quartz bell-jar to be used for pre-cleaning, 
as schematically shown in Fig. 4, was prepared. An in- 

50 ner surface of a quartz bell-jar 41 was subjected to blast 
processing at a pressure of 0.5 MPa using white alumi- 
na-made grit WA #60, ultrasonically rinsed with pure wa- 
ter, and dried in an oven. Thereafter, an alumina thermal 
sprayed coating 42 was formed on the inner surface of 

55 the quartz bell-jar by plasma spraying in a flow rate of 
, Ar to H 2 of 80/20, For the plasma spraying were used 
two kinds of thermal spraying materials having a purity 
of 99.8% and having a mean particle size of 30 u.m and 
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50 nm, respectively, each of which was prepared by 
electrornelting pulverization. A film thickness of the ther- 
mal sprayed coating varied depending on the place but 
was from 0.2 to 0.3 mm. A surface roughness Ra of the 
thermal sprayed coating was 9 urn for the spraying ma- 
terial having a mean particle size of 30 urn and 12 u.m 
for the spraying material having a mean particle size of 
50 fim, respectively. After the plasma spraying, the bell- 
jar was dipped in a 5% by weight nitric acid aqueous 
solution kept at a temperature of 40 °C for one hour, 
ultrasonically rinsed with uitrapure water, and dried in a 
clean oven. 

[0063] The alumina thermal sprayed coating peeled 
off using hydrofluoric acid was measured with respect 
to the relative density by the Archimedes' method. In this 
Example 1 , in the case of the spraying material having 
a mean particle size of 30 urn. the relative density was 
83%, and in the case of the spraying material having a 
mean particle size of 50 urn. the relative density was 
80%. 

EXAMPLE 2 

[0064] An inner surface of a quartz bell-jar 41 was 
subjected to blast processing at a pressure of 0.5 MPa 
using white alumina-made grit WA #60, ultrasonically 
rinsed with pure water, and dried in an oven. Thereafter, 
an alumina thermal sprayed coating 42 was formed on 
the inner surface of the quartz bell-jar by plasma thermal 
spraying in a flow rate of Ar to H 2 of 75/25 at a distance 
between a plasma gun and a substrate of 150 mm. For 
the plasma spraying was used a spherical alumina gran- 
ulated powder (purity: 99.99% by weight) having a mean 
particle size of 50 |im, as prepared by sintering so as to 
have a relative density of about 95%. A film thickness 
of the thermal sprayed coating varied depending on the 
place but was from 0.2 to 0.3 mm. A surface roughness 
Raof the thermal sprayed coating was 13jim. After the 
plasma spraying, the bell-jar was ultrasonically rinsed 
with uitrapure water and dried In a clean oven. There 
was thus completed a quartz bell-jar corresponding to 
the first aspect of the present invention. The alumina 
thermal sprayed coating peeled off using hydrofluoric 
acid was measured with respect to the relative density 
by the Archimedes' method. As a result, the relative den- 
sity was 81%. An Na content of the alumina thermal 
sprayed coating was measured by X-ray fluorescent 
analysis. As a result, Na content was less than a detec- 
tion limit 0.01% by weight. 

EXAMPLE 3 

[0065] Quartz glass parts formed with a thermal 
sprayed coating, corresponding to the first aspect of the 
present invention, were prepared in the same manner 
as in Example 2, while using, as a raw material powder, 
a YSZ power having a mean particle size of 40 urn (par- 
tially stabilized zirconia containing 5% by weight of yt- 



tria) and spherical granuiated particies having a mean 
particle size of 45 p.m, as prepared by mixing alumina 
(purity: 99.9% by weight) and magnesia (purity: 99.9% 
by weight) in a ratio of 1/1. There were thus obtained 

5 quartz glass parts having a film thickness of the thermal 
sprayed coating of from 0.2 to 0.3 mm and a surface 
roughness Ra of the thermal sprayed coating of 15 u.m 
and 17 u,m, respectively, corresponding to the first as- 
pect of the present invention. The thermal sprayed coat- 

10 ing had a relative density measured by the Archimedes' 
method of 88% and 92%, respectively 

COMPARATIVE EXAMPLE 1 

15 [0066] An inner surface of a quartz-made bell-jar was 
subjected to blast processing at a pressure of 0.5 MPa 
using white alumina-made grit WA #60, ultrasonically 
rinsed with uitrapure water, and dried in a clean oven. 
There was thus obtained a quartz bell-jar without form- 

20 ing an alumina thermal sprayed coating. The quartz bell- 
jar had a surface roughness Ra of 5 urn 

COMPARATIVE EXAMPLE 2 

25 [0067] A quartz bell-jar having an alumina thermal 
sprayed coating formed thereon was prepared in the 
same manner as in Example 1, except that the*mean 
particle size of the thermal spraying material was 20 urn, 
the flow rate of Ar to H 2 was 70/30, and the distance 

30 between the plasma gun and the quartz glass was 80 
mm. The quartz bell-jar had a surface roughness Ra of 
3 ujti. i.e., the surface roughness was small. 

EXAMPLE 4 

35 

[0068] Any of the quartz bell-jars of Examples 1 , 2 and 
3 were free from peeling off of the thermal sprayed coat- 
ing and were well finished. The quartz beil-jars of Ex- 
amples 1 , 2 and 3 and Comparative Examples 1 and 2 

40 were each used in a pre-cleaning device. In the case of 
Comparative Example 1 (where no alumina thermal 
sprayed coating was formed) and Comparative Exam- 
ple 2 (where the surface roughness Ra of the alumina 
thermal sprayed coating was small), 1 00 hours after the 

45 use, particles caused by peeling off of the film-like ad- 
herend were collected in the device. On the other hand, 
in the case of Examples 1 , 2 and 3, even 200 hours after 
the use, peeied-off particles were not observedv and it 
was confirmed that the bell-jars of Examples 1 , 2* and 3 

so could be used continuously for a two-fold period of time 
under the same conditions for use. In the case of Com- 
parative Example 1 , not only peeling off of the film-like 
adherend was observed, but also peeling off and blister 
of the alumina thermal sprayed coating itself were ob- 

55 served. 

[0069] Similarly, the quartz bell-jars of Examples 1 , 2 
and 3 and Comparative Examples 1 and 2 were each 
used in a film-deposition device by CVD. In the case of 
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Comparative Exampie 1 (where no alumina triennial 
sprayed coating was formed) and Comparative Exam- 
ple 2 (where the surface roughness Ra of the alumina 
thermal sprayed coating was small), 70 hours after the 
use, particles caused by peeling off of the film-like ad- 
herend were collected in the device. On the other hand, 
in the case of Examples 1 ,2 and 3, even 1 50 hours after 
the use, peeled-off particles were not observed, and it 
was confirmed that the bell-jars of Examples 1 ,2 and 3 
could be used continuously for more than a two-fold pe- 
riod of time under the same conditions for use. 

EXAMPLE 5 

[0070] Two quartz plates having a width of 1 0 mm, a 
length of 40 mm and a thickness of 6 mm were subjected 
to blast processing at a pressure of 0.5 MPa using white 
alumina-made grit WA #48 and partially stabilized zirco- 
nia beads having a particle size distribution of from 20 
to 125 jj.m respectively, ultrasonically rinsed with pure 
water, and then dried in an oven. Surface roughnesses 
Ra of the blasted surface of the quartz plates were 7 jim 
and 8 jxm, respectively. Thereafter, an alumina thermal 
sprayed coating was formed by plasma thermal spray- 
ing in a flow rate of Ar to H 2 of 75/25. For the plasma 
thermal spraying was used a spraying material having 
a purity of 99.8% and having a mean particle size of 40 
jim, which was prepared by electromelting pulveriza- 
tion. A film thickness of each of the thermal sprayed 
coatings was from 0.2 mm. A surface roughness Ra of 
each of the thermal sprayed coatings was 11 p.m. 
[0071] Eleven pieces of each of the quartz glass 
plates prepared by using alumina grit and spherical par- 
tially stabilized zircpnia grit, respectively were prepared. 
A cross-section of each piece was examined for micro- 
cracks having a length of 20 pm or more by an optical 
microscope while moving a focal point by 10 mm. As a 
result, in the case where the alumina grit was used, the 
micro-cracks had an average length of 130 nm and an 
average angle to the substrate surface of approximately 
90°. On the other hand, in the case where the spherical 
partially stabilized zirconia grit was used, the micro- 
cracks had an average length of 80 \wn and an average 
angle to the substrate surface of about 60°. Further, a 
bending strength of the respective eleven pieces was 
measured. As a result, in the case of the alumina grit, 
the bending strength was 40 MPa, and in the case of 
the spherical partially stabilized zirconia grit, the bend- 
ing strength was 60 MPa. Also, the quartz glass sheet 
before the blast processing had a bending strength of 
100 MPa. Thus, it was understood that by using the 
spherical stabilized zirconia beads as the blasting ma- 
terial, the reduction of the bending strength was espe- 
cially inhibited. 

EXAMPLE 6 

[0072] A quartz bell-jar having a structure as sche- 



matically shown in Fig. 5 was prepared. An inner surface 
of a quartz bell-jar 51 was subjected to blast processing 
at a pressure of 0.5 MPa using white alumina (WA) grit, 
and 24% by weight of hydrofluoric acid was then poured 

5 into the bell-jar 51 . The bell-jar 51 was kept for one hour 
to undergo etching treatment. There was thus formed a 
layer of grooves 52. Here, three kinds of grit, WA8220, 
WA#1 20 and WA #60 were used to prepare three quartz 
bell-jars. The inner surface of each bell-jar after the 

10 etching process had a surface roughness Ra of 4 p.m 
for WA #220, 8 jim for WA #1 20 and 1 4 \im for WA #60, 
respectively. Further, the groove width was from 10 to 
30 pm. Moreover, the groove length was from 1 0 to 120 
pm for WA #220, from 10 to 200 *im for WA #120 and 

15 from 20 to 300 p.m for WA #60, respectively. On the inner 
surface of each quartz bell-jar having the grooves 52 
was formed an alumina thermal sprayed coating 53 by 
plasma thermal spraying. For the plasma spraying was 
used a spraying material having a mean particle size of 

20 50 jim and a purity of 99.8%. A film thickness of the ther- 
mal sprayed coating varied depending on the place but 
was from 0.2 to 0.4 mm. A surface roughness Ra of the 
thermal sprayed coating was 9 \im for grit WA #220, 10 
pm for grit WA #120 and 14 pm for grit WA #60, respec- 

25 tively. After the thermal spraying, the bell-jar was rinsed 
in a clean room. There were thus completed quartz bell- 
jars having a ceramic thermal sprayed coating made of 
alumina. 

30 EXAMPLE 7 

[0073] An inner surface of a quartz bell-jar 51 was 
subjected to blast processing at a pressure of 0.5 MPa 
using YSZ (sintered granules of partially stabilized zir- 

35 conia having 5% by weight of yttria added thereto, par- 
ticle shape: spherical, particle size: from 40 to 120 pm), 
and 24% by weight of hydrofluoric acid was then poured 
into the bell-jar 51 . The bell-jar 51 was kept for one hour 
to undergo etching treatment. There was thus formed a 

40 layer of grooves 52 having a surface roughness Ra of 
7 pm, a groove width of from 1 0 to 30 urn and a groove 
length of from 10 to 120 pm. Next, the inner surface of 
the quartz bell-jar was subjected to plasma spraying us- 
ing YSZ spraying granules (sintered granules of partially 

45 stabilized zirconia having 5 % by weight of yttria added 
thereto : particle shape: spherical, mean particle size: 40 
jam) and granules having a mean particle size of 45 jim, 
as prepared by mixing 99.9% alumina and 99.9% mag- 
nesia in a ratio of 1/1 and at a distance between a plas- 

50 ma gun and the quartz glass of 150 mm. There were 
thus formed a partially stabilized zirconia thermal 
sprayed coating 53 and a magnesia-alumina spinel ther- 
mal sprayed coating 53. A film thickness of the thermal 
sprayed coating was from 0.15 to 0.25 mm. A surface 

55 roughness Ra of the thermal sprayed coating was 12 
jim and 15 pm, respectively. After the plasma spraying, 
the bell-jarwas rinsed in a clean room. There were thus 
completed a quartz bell-jar having a ceramic thermal 
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sprayed coating made of partially stabilized zirconia and 
a quartz bell-jar having a ceramic thermal sprayed coat- 
ing made of a magnesia-alumina spinel. 

EXAMPLE 8 

[0074] Any of the quartz bell-jars of Examples 6 and 
7 were quite free from peeling off of the thermal sprayed 
coating and were well finished. The quartz bell-jars of 
Examples 6 and 7 and Comparative Examples 1 and 2 
were each used in a pre-cleaning device. In the quartz 
bell-jars of Comparative Examples 1 and 2, 50 hours 
after the use, particles caused by peeling off of the film- 
like adherend were collected in the device. On the other 
hand, in the case of Examples 6 and 7, even 100 hours 
after the use, peeled-off particles were not observed, 
and it was confirmed that the bell-jars of Examples 6 
and 7 could be used continuously for a two-fold period 
of lime under Ihe same conditions for use. 
[0075] Similarly, the quartz bell-jars of Examples 6 
and 7 and Comparative Examples 1 and 2 were each 
used for film deposition by sputtering. In the case of 
Comparative Example 1 (where no alumina thermal 
sprayed coating was formed) and Comparative Exam- 
ple 2 (where the surface roughness Ra of the alumina 
thermal sprayed coating was small), 70 hours after the 
use, particles caused by peeling off of the film-like ad- 
herend were collected in the device. On the other hand, 
in the case of Examples 6 and 7, even 150 hours after 
the use, peeled-off particles were not observed, and it 
was confirmed that the bell-jars of Examples 6 and 7 
could be used continuously for more than a two-fold pe- 
riod of time under the same conditions for use. 

EXAMPLE 9 

[0076] A ceramic cylinder to be used for pre-cleaning 
was prepared. A ceramic cylinder (made of 99.9% alu- 
mina) was subjected to blast processing at a pressure 
of 0.5 MPa using silicon carbide C#24 so as to have a 
surface roughness Ra of 9 u,m. Next, the inner surface 
of the ceramic cylinder was subjected to plasma spray- 
ing using YSZ spraying granules (sintered granules of 
partially stabilized zirconia having 5% by weight of yttria 
added thereto, particle shape: spherical, mean particle 
size: 40 urn), to form a thermal sprayed coating made 
of partially stabilized zirconia. A part of the ceramic cyl- 
inder was cut out and evaluated. As a result, the thermal 
sprayed coating had a film thickness of from 0.1 to 0.2 
mm and a surface roughness Ra of 1 1 u,m. After the ther- 
mal spraying, the ceramic cylinder was rinsed in a clean 
room. There was thus completed a ceramic cylinder 
having a ceramic thermal sprayed coating made of par- 
tially stabilized zirconia. 

EXAMPLE 10 

[0077] A ceramic cylinder was subjected to plasma 



spraying in ihe same manner as in Example 9 to form a 
thermal sprayed coating made of partially stabilized zir- 
conia, except for subjecting to blast processing at a 
pressure of 0.5 MPa using silicon carbide C#24 and dip- 
s ping in nitric-hydrofluoric acid (a mixed aqueous solution 
of 30% nitric acid and 24% hydrofluoric acid). A part of 
the ceramic cylinder was cut out and evaluated. As a 
result, the thermal sprayed coating had a surface rough- 
ness Ra of 9 um 

10 

COMPARATIVE EXAMPLE 3 

[0078] A ceramic cylinder was subjected to blast 
processing at a pressure of 0.5 MPa using alumina grit 
*5 WA #24 so as to have a surface roughness Ra of 3 u,m. 
There was thus completed a ceramic cylinder without 
forming a thermal sprayed coating by plasma spraying. 

EXAMPLE 11 

20 

[0079] The ceramic cylinders of Examples 9 and 1 0 
and Comparative Example 3 were used in a CVD film- 
deposition device and a pre-cleaning device. In compar- 
ison under the same conditions, the ceramic cylinders 
25 of Examples 9 and 1 0 could be used continuously for a 
period of time of two-fold or more as compared with the 
ceramic cylinder not formed with a thermal sprayed 
coating of Comparative Example 3. 

30 EXAMPLE 12 

[0080] A doughnut-shaped ceramic ring (made of 
99.9% alumina) was subjected to blast processing at a 
pressure of 0.5 MPa using silicon carbide grit C#24 so 

35 as to have a surface roughness Ra of 9 u.m. Next, on 
the ceramic ring was formed an alumina thermal 
sprayed coating by plasma spraying using a 99.9% alu- 
mina powder having a mean particle size of 35 jim. The 
thermal sprayed coating had a film thickness of from 0. 1 

40 to 0.2 mm and a surface roughness Ra of 10 u.m. An X- 
ray analysis revealed that the crystal was substantially 
constituted of ^alumina. Four ceramic rings were pre- 
pared, and three of them were charged in an electric 
furnace after the plasma spraying and kept at 900°C, 

45 1,100°C and 1 ,300°C, respectively for 2 hours. After the 
temperature thoroughly decreased, the three ceramic 
rings were taken out and rinsed in a clean room.. There 
were thus completed four ceramic rings. 
[0081] After the completion, the ceramic rings were 

so used for film deposition by sputtering and pre-cleaning. 
As a result, these ceramic rings could be used continu- 
ously for a period of time of two-fold or more as com- 
pared with the ceramic cylinder not formed with a ther- 
mal sprayed coating of Comparative Example 3. 

55 [0082] Next, after the use, each of the ceramic rings 
was cut into a half, and the half was dipped in nitric- 
hydrofluoric acid (a mixed aqueous solution of 30% nitric 
acid and 24% hydrofluoric acid) for 20 minutes, thereby 
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removing entirely the adhered fiim of pre-cieaning. The 
resulting ceramic ring was dipped in nitric-hydrofluoric 
acid for an additional 5 hours. After dipping, the resulting 
ceramic ring was compared with the ceramic ring not 
dipped in nitric-hydrofluoric acid in terms of adherence 
by measuring a peeling strength of the thermal sprayed 
coating. The peeling strength was evaluated in terms of 
a maximum strength at which the ceramic and the ther- 
mal sprayed coating, each of which was adhered to a 
tool with an adhesive, were drawn in an opposite direc- 
tion and separated from each other. 
[0083] With respect to the adhesion of the sample not 
dipped in nitric-hydrofluorc acid, the peeling strength 
was 4 MPa for the sample net heat-treated ! 6 MPa for 
the sample heat-treated at 90O'C. 10 MPa lor the sam- 
ple heat-treated at 1 ,1 OCTC. and 15 MPa tor the sample 
heat-treated at 1 ,300°C. respectively. Further, with re- 
spect to the adhesion of the sample dipped in nitric-hy- 
drofluoric acid : the peeling strength was 0.5 MPa for the 
sample not heat-treated, 2 MPa for the sample heat- 
treated at 900°C, 8 MPa for the sample heat-treated at 
1,100°C, and 13 MPa for the sample heat-treated at 
1 ,300°C, respectively. Thus, it was understood that the 
adhesion became two times or more by the heat treat- 
ment at 1 ,000°C or higher and that the thermal sprayed 
coating after the treatment with nitric-hydrofluoric acid 
was low in reduction of the adhesion. Further, the crystal 
form of the thermal sprayed coating was examined by 
X-ray diffraction. As a result, the samples heated-treat- 
ed at 1 ,100°C or higher were substantially constituted 
of a-alumina, in which ^-alumina was not observed. 

EXAMPLE 13 

[0084] Next, a doughnut-shaped ceramic ring having 
a thermal sprayed coating made of a magnesia-alumina 
spinel was prepared. A ceramic ring (made of 99.9% 
alumina) was subjected to blast processing at a pres- 
sure of 0.5 MPa using silicon carbide grit C#24 so as to 
have a surface roughness Ra of 9 um Next, on the ce- 
ramic ring was formed a spinel thermal sprayed coating 
by plasma spraying using granules having a mean par- 
ticle size of 45 which were prepared by mixing 
99.9% alumina and 99.9% magnesia in a ratio of 1/1. 
The thermal sprayed coating had a film thickness of from 
0.1 to 0.2 mm and a surface roughness Ra of 12 um 
An X-ray analysis revealed that the crystal form was a 
spinel structure. Four ceramic rings were prepared, and 
three of them were charged in an electric furnace after 
the thermal spraying and kept at 900°C, 1,100°C and 
1 ,300°C, respectively for 2 hours. After the temperature 
thoroughly decreased, the three ceramic rings were tak- 
en out and rinsed in a clean room. There were thus com- 
pleted four ceramic rings. 

[0085] The ceramic rings were used for pre-cleaning. 
As a result, these ceramic rings could be used continu- 
ously for a period of time of two-fold or more as com- 
pared with the ceramic cylinder not formed with a ther- 



mal sprayed coating of Comparative Example 3. 
[0086] Next, after the use, each of the ceramic rings 
was cut into a half, and the half was dipped in nitric- 
hydrofluoric acid (a mixed aqueous solution of 30% nitric 

5 acid and 24% hydrofluoric acid) for 20 minutes, thereby 
removing entirely the adhered film of pre-cleaning. The 
resulting ceramic ring was dipped in nitric-hydrofluoric 
acid for an additional 5 hours. After dipping, samples 
were cut out from the resulting ceramic rings together 

10 with the ceramic ring not dipped in nitric-hydrofluoric ac- 
id and examined with respect to the adhesion of the ther- 
mal sprayed coating. 

[0087] With respect to the adhesion of the sample not 
dipped in nitric-hydrofluoric acid, the peeling strength 
15 was 5 MPa for the sample not heat-treated, 7 MPa for 
the sample heat-treated at 900°C, 12 MPa for the sam- 
ple heat-treated at 1,1 00°C, and 18 MPa for the sample 
heat-treated at 1,300°C, respectively. Further, with re- 
spect to the adhesion of the sample dipped in nitric-hy- 
20 drofluoric acid, the peeling strength was 1 MPa for the 
sample not heat-treated, 2 MPa for the sample heat- 
treated at 900°C, 9 MPa for the sample heat-treated at 
1,100°C, and 15 MPa for the sample heat-treated at 
1 ,300°C, respectively. Thus, it was understood that the 
25 adhesion became two times or more by the heat treat- 
ment at 1 ,000°C or higher and that the thermal sprayed 
coating after the treatment with nitric-hydrofluoric acid 
was low in reduction of the adhesion. 
[0088] The quartz glass parts and the ceramic parts 
30 according to the present invention have the following ad- 
vantages. 

(1 ) As compared with the conventional quartz glass 
parts and ceramic parts, the quartz glass parts and 

35 the ceramic parts according to the present invention 
are superior in adherence of a film-like adherend. 
Accordingly, when used in film-deposition devices 
and pre-cleaning devices, they are low in contami- 
nation of the products by dust generation and can 

40 be continuously used over a long period of time. 

(2) Ones in which a substrate has a groove shape 
having an anchor effect for adhesion to a ceramic 
thermal sprayed coating are superior in adhesion 
between the substrate and the ceramic thermal 
sprayed coating, are free from peeling off of the ce- 
ramic thermal sprayed coating itself, and are supe- 
rior in durability. 

(3) The parts having a surface roughness Ra of from 
1 to 5 um according to the present invention are su- 

50 perior in plasma resistance as compared with the 
conventional parts. Accordingly, they are less in 
dust generation by corrosion of the parts by plasma 
and in degradation of the parts, are free from con- 
tamination of the products, and can be continuously 

55 used over a long period of time. 

[0089] It should further be apparent to those skilled in 
the art that various changes in form and detail of the 



20 



25 



23 



EP 1310 466 A2 



24 



invention as shown and described above may be made. 
It is intended that such changes be included within the 
spirit and scope of the claims appended hereto. 
[0090] This application is based on Japanese Patent 
Application No. 2001-347239 filed November 13, 2001 
and Japanese Patent Application No. 2001-347240 filed 
November 13. 2001. the disclosures of which are incor- 
porated herein by reference in their entireties. 

Claims 

1 . A quarv qlass part comprising a quartz glass and 
a ceramic thermal sprayed coating formed on the 
surface oi mc quart/ glass, the ceramic thermal 
sprnyed coat ng having a surface roughness Ra of 
from 5 to ?0 um and a relative density of from 70 to 
97° 0 

2. A qunfv yirtbb part comprising a quartz glass and 
a ceramic thermal sprayed coating formed on the 
surface of the quart/ glass, the quartz glass having 
a surface 'oughncss Ra of from 5 to 15 um and an 
average lcng:h of micro-cracks of from 1 to 100 u.m, 
with an average angle of the micro-cracks to the 
quart/ glass surface being from 10 to 70°, and the 
ceramic thermal sprayed coating having a surface 
roughness Ra of from 5 to 20 jam and a relative den- 
sity of from 70 to 97% 

3. The quartz glass part according to claim 1 , wherein 
the ceramic thermal sprayed coating is made of alu- 
mina, partially stabilized zirconia, or a magnesia- 
alumina spinel. 

4. The quartz glass part according to claim 2, wherein 
the ceramic thermal sprayed coating is made of alu- 
mina, partially stabilized zirconia, or a magnesia- 
alumina spinel. 

5. A quartz glass part comprising a quartz glass and 
a ceramic thermal sprayed coating formed on the 
surface of the quartz glass, the quartz glass having 
from 10 to 200 per millimeter of grooves having a 
width of from 5 to 50 um : and the ceramic thermal 
sprayed coating having a surface roughness Ra of 
from 1 to 20 um 

6. A quartz glass part comprising a quartz glass and 
a ceramic thermal sprayed coating formed on the 
surface of the quartz glass, the quartz glass having 
from 10 to 200 per millimeter of grooves having a 
width of from 5 to 50 ujti and a length of from 10 to 
200 ujti, and the ceramic thermal sprayed coating 
having a surface roughness Ra of from 1 to 20 ujti. 

7. The quartz glass part according to claim 5, wherein 
the ceramic thermal sprayed coating is made of alu- 



mina, partially stabilized zirconia : or a magnesia- 
alumina spinel. 

8. The quartz glass part according to claim 6, wherein 
5 the ceramic thermal sprayed coating is made of alu- 
mina, partially stabilized zirconia : or a magnesia- 
alumina spinel. 

9. A ceramic part comprising a ceramic substrate hav- 
10 jng a ceramic thermal sprayed coating formed ther- 
eon, the ceramic thermal sprayed coating having a 
surface roughness Ra of from 5 to 20 urn. 

10. The ceramic part according to claim 9, wherein the 
15 ceramic thermal sprayed coating is made of a-alu- 

mina, partially stabilized zirconia, or a magnesia- 
alumina spinel. 

11. A process of producing the quartz glass part ac- 
20 cording to claims 1 to 4, which comprises forming a 

ceramic thermal sprayed coating on a quartz glass 
by plasma spraying using a raw material powder 
having a mean particle size of from 30 to 60 urn. 

25 12. The process of producing the quartz glass part ac- 
cording to claim 11, wherein the ceramic thermal 
sprayed coating is formed by plasma spraying at a 
distance between a spray gun and a substrate in 
the range of from 140 to 1 80 mm and usingplasma 
30 gas at least having from 1 0 to 50% of hydrogen add- 
ed thereto. 

13. The process of producing the quartz glass part ac- 
cording to claim 11, wherein after subjecting the 

35 quartz glass to blast processing with spherical grid, 
the ceramic thermal sprayed coating is formed by 
plasma spraying at a distance between a spray gun 
and a substrate in the range of from 140 to 1 80 mm 
and using plasma gas at least having from 10 to 

to 50% of hydrogen added thereto. 

14. A process of producing the quartz glass part ac- 
cording to claims 5 to 8, which comprises subjecting 
the surface of a quartz glass to blast processing, 

45 etching the quartz glass surface with an acid con- 
taining at least hydrofluoric acid, and then forming 
a ceramic thermal sprayed coating on the etched 
quartz glass surface. 

50 15. The process of producing the quartz glass part ac- 
cording to claim 14, wherein the blast processing is 
carried out using spherical grid, and the ceramic 
thermal sprayed coating is formed by plasma spray- 
ing at a distance between a spray gun and a sub- 
55 strate in the range of from 140 to 1 80 mm and using 
plasma gas at least having from 10 to 50% of hy- 
drogen added thereto. 
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16. A process of producing the ceramic part according 
to claims 9 and 1 0, which comprises subjecting the 
surface of a ceramic substrate to blast processing 
and then forming a ceramic thermal sprayed coat- 
ing on the blasted ceramic substrate surface by 5 
plasma spraying using a raw material powder hav- 
ing a mean particle size of from 30 to 60 u.m. 

17. The process producing the ceramic part according 

to claim 16, wherein after subjecting the substrate i<> 
of the ceramic substrate to blast processing, the 
blasted ceramic substrate surface is subjected to 
etching treatment with an acid containing at least . 
hydrofluoric acid, and plasma spraying is carried 
out at a distance between a spray gun and the sub- *s 
strate in the range of from 1 40 to 1 80 mm and using 
plasma gas at least having from 10 to 50% of hy- 
drogen added thereto. 

18. The process producing the ceramic part according 20 
to claim 16, wherein after subjecting the substrate 

of the ceramic substrate to blast processing, the ce- 
ramic thermal sprayed coating is formed by plasma 
spraying at a distance between a spray gun and the 
substrate in the range of from 140 to 180 mm and 25 
using plasma gas at least having from 1 0 to 50% of 
hydrogen added thereto, followed by heat treatment 
at from 1 ,000 to 1 ,600°C. 

19. The process producing the ceramic part according 30 
to claim 16, wherein after subjecting the substrate 

of the ceramic substrate to blast processing, the 
/ blasted ceramic substrate surface is subjected to 
etching treatment with an acid containing at least 
hydrofluoric acid, and the ceramic thermal sprayed 35 
coating is then formed by plasma spraying at a dis- 
tance between a spray gun and the substrate in the 
range of from 1 40 to 1 80 mm and using plasma gas 
at least having from 10 to 50% of hydrogen added 
thereto, followed by heat treatment at from 1 ,000 to *o 
1 ,600°C. 
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(57) In quartz glass parts and ceramic parts that are 
used in film-deposition devices and pre-cleaning devic- 
es in the production of semiconductors, etc., there are 
problems such as peeling off of the parts themselves 
during the use, peeling off of film-like substances ad- 
hered to the part surfaces, contamination of the prod- 
ucts and short life time of the parts caused by corrosion 
of the part surfaces by plasma, and reduction in the pro- 
ductivity by frequent exchange of the parts. In quartz 
glass parts and ceramic parts that are used in film-dep- 
osition devices and pre-cleaning devices in the produc- 
tion of semiconductors, etc., with respect to parts, the 
surface of which is constituted of a ceramic thermal 
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sprayed coating, ones having the ceramic thermal 
sprayed coating having a surface roughness Ra of from 
5 to 20 urn are high in adherence of a film-like adher- 
ence, ones having the ceramic thermal sprayed coating 
having a surface roughness Ra of from 1 to 5 u,m are 
high in plasma resistance, and ones in which grooves 
having a large anchor effect to the thermal sprayed coat- 
ing is formed on a substrate on which the ceramic ther- 
mal sprayed coating is formed are free from peeling off 
of the ceramic thermal sprayed coating from the sub- 
strate and are high in durability. 
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